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MOTION CONTROL DEVICE FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Japanese Patent Application 2009-098655,
filed on Apr. 15, 2009, the entire content of which is incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to a motion control
device for a vehicle,

BACKGROUND

Disclosed in JP2006-298209A is a roll increasing tendency
estimation apparatus for a vehicle, which determines a roll
increasing tendency of the vehicle on the basis of a relation-
ship between plural state quantities. Furthermore, the speci-
fication, JP2006-298209A, also discloses a vehicle motion
stabilizing control device, which controls at least one of a
braking force and a driving force on the basis of the relation-
ship between plural state quantities in order to restrict the roll
increasing tendency of the vehicle.

In a case where plural state quantities are used for restrict-
ing the roll increasing tendency of a vehicle, in which a
relatively great yaw inertia moment or a relatively great roll
inertia moment is likely to be generated (e.g. a large-sized
commercial vehicle), a phase shift (a phase difference, a
temporal difference) between the state quantities may
become great. Accordingly, the phase difference may need to
be compensated.

A need thus exists to provide a motion control device for a
vehicle, which compensates a phase difference and which
maintains a stability of the vehicle while a yawing motion
and/or a rolling motion occurs at the vehicle.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a motion
control device for a vehicle having a braking means for apply-
ing a brake toque to a wheel of the vehicle and maintaining a
traveling stability of the vehicle by controlling the braking
means, the motion control for the vehicle, includes a steering
angular velocity obtaining means for obtaining a steering
angular velocity of the vehicle, a maximum steering angular
velocity calculating means for calculating a maximum steer-
ing angular velocity on the basis of the steering angular veloc-
ity, a determining means for determining a reference turning
state quantity on the basis of the maximum steering angular
velocity, an actual turning state quantity obtaining means for
obtaining an actual turning state quantity of the vehicle, and a
control means for controlling the brake toque on the basis of
the reference turning state quantity and the actual turning
state quantity.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of the present invention will become more apparent from the
following detailed description considered with the reference
to the accompanying drawings, wherein:

FIG. 1 is a diagram schematically illustrating an entire
configuration of a motion control device for a vehicle accord-
ing to an embodiment;
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FIG. 2 is a diagram for explaining a J-turn steering opera-
tion for abruptly and emergently avoiding an obstacle;

FIG. 3 is a diagram for explaining a lane-change steering
operation for abruptly and emergently avoiding the obstacle;

FIG. 4 is a diagram schematically illustrating an entire
configuration of a vehicle including the motion control device
for the vehicle according to the embodiment;

FIG. 5 is a functional block diagram illustrating a process-
ing example of a motion control for the vehicle (a vehicle
stabilizing control) according to the embodiment;

FIG. 6 is a calculation map illustrating another processing
example of a reference turning state quantity determining
calculation illustrated in FIG. 5 according to the embodiment;

FIG. 7 is a diagram for explaining an advantage and a merit
to be obtained in the case where the J-turn steering operation
is performed according to the embodiment; and

FIG. 8 is a diagram for explaining an advantage and a merit
to be obtained in the case where the lane-change steering
operation is performed according to the embodiment.

DETAILED DESCRIPTION

An embodiment of a motion control device for a vehicle
will be described below with reference to the attached draw-
ings. [llustrated in FIG. 1 is an entire configuration example
of'the motion control device for the vehicle according to the
embodiment.

As illustrated in FIG. 1, the motion control device for the
vehicle (which will be hereinafter referred to as a device)
includes a braking means B10 for applying a brake torque to
a wheel WH** of the vehicle, so that the device maintains a
traveling stability of the vehicle by controlling the braking
means B10. The device further includes a steering angular
velocity obtaining means B20 for obtaining a steering angular
velocity dSa of the vehicle, a maximum steering angular
velocity calculating means B30 for calculating a maximum
steering angular velocity dSp (a maximum value of the steer-
ing angular velocity) on the basis of the steering angular
velocity dSa, a (reference turning state quantity) determining
means B40 for determining a reference turning state quantity
Jrf (e.g. Grf), Jrt# (e.g. Grf#) (a reference value of a turning
state quantity) on the basis of the maximum steering angular
velocity dSp, an actual turning state quantity obtaining means
B50 for obtaining an actual turning state quantity Jra (Gya
and/or Gyr) (an actual value of the turning state quantity) of
the vehicle, and a control means B60 for controlling the brake
torque to be applied to the wheel WH** via the braking means
B10 on the basis of the reference turning state quantity Jrf
(Grd), Jrf# (Grf#) and the actual turning state quantity Jra
(Gya, Gyr). The determining means B40 determines the ref-
erence turning state quantity Jrf (Grf), Jrf# (Grf#) in a manner
where the greater the maximum steering angular velocity dSp
is, the smaller value the reference turning state quantity Jrf
(Grd), Jrf# (Grf#) is determined to be, or the smaller the
maximum steering angular velocity dSp is, the greater value
the reference turning state quantity Jrf (Grf), Jrf# (Grf#) is
determined to be. The maximum steering angular velocity
calculating means B30 sets the maximum steering angular
velocity dSp to zero (0) after a predetermined time tk1 has
passed.

In this embodiment, because the reference turning state
quantity is calculated on the basis of the maximum steering
angular velocity (a peak value of the steering angular veloc-
ity), atemporal difference between a timing when the steering
angular velocity is generated and a timing when the actual
turning state quantity is generated may be compensated. The
temporal difference is not that temporarily long. Therefore,
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the maximum steering angular velocity dSp may be set to zero
(0) after the predetermined amount of time has passed.

The control means B60 starts applying the brake torque to
the wheel WH** when the actual turning state quantity Jra
(e.g. Gya and/or Gyr) exceeds the reference turning state
quantities Jrf (e.g. Grf), Jrf# (e,g. Grf#). Furthermore, the
control means B60 calculates a deviation (a difference) AJr
between the actual turning state quantity Jra and the reference
turning state quantity Jrf, Jrt# (e.g. a deviation (a difference)
AGy between the turning state quantity Gya, Gyr and the
reference turning state quantity Grf, Grf#). Then, the control
means B60 determines a target value Pwt** of the brake
torque on the basis of the deviation Alr (AGy), Accordingly,
because a vehicle stabilizing control is started by using the
reference turning state quantity, which is calculated on the
basis of the maximum steering angular velocity dSp, and
because the brake torque target value Pwt** is determined on
the basis of the reference turning state quantity, an appropri-
ate vehicle stabilizing control may be executed.

The device further includes a steering angle obtaining
means B70 for obtaining a steering angle Sa of the vehicle and
an estimated turning state quantity calculating means B80 for
calculating an estimated turning state quantity Jsa (e.g. Gsa)
(an estimated value of the turning state quantity) on the basis
of the steering angle Sa. In this case, the control means B60
starts applying the brake torque to the wheel WH** via the
braking means B10 when the estimated turning state quantity
Jsa (Gsa) exceeds the reference turning state quantity Jrf
(Grd), Jrf# (Grf#). Accordingly, because the vehicle stabiliz-
ing control is executed on the basis of plural turning state
quantities, a reliability in an execution of the vehicle stabiliz-
ing control may be enhanced.

The device further includes a turning direction obtaining
means B90 for obtaining a turning direction Dtrn of the
vehicle. In a case where the vehicle is determined to turn in
one direction (which will be hereinafter referred to as a first
direction, e.g. in a left direction) by the turning direction
obtaining means B90, the determining means B40 determines
a reference turning state quantity Jrfl (e.g. Grfl) (a first
reference turning state quantity) to be obtained in the case
where the vehicle turns in the first direction. Furthermore,
when the vehicle is determined to turn in the first direction,
the determining means B40 may determine a reference turn-
ing state quantity Jrf2 (e.g. Grf2) (a second reference turning
state quantity) to be obtained in a case where the vehicle turns
in the other direction (e.g. in a right direction, a second
direction) opposite to the first direction, on the basis of the
reference turning state quantity Jrfl (Grfl) (the first reference
turning state quantity). When considering the turning direc-
tion, the first reference turning state quantity is opposite in
sign to the second reference turning state quantity, while an
absolute value of the first reference turning state quantity and
an absolute value of the second reference turning state quan-
tity are determined to be the same value. The turning direction
obtaining means B90 may be modified so as to determine and
obtain the turning direction Dtrn of the vehicle on the basis of
the actual turning state quantity Jra (e.g. Gya and/or Gyr),
which is obtained by the actual turning state quantity obtain-
ing means B50. More specifically, the turning direction
obtaining means B90 may calculate the turning direction Dtrn
on the basis of a sign (either a plus sign or a minus sign) of the
actual turning state quantity Jra (Gya, Gyr).

The control means B60 determines the target value Pwt**
of the brake torque on the basis of the second reference
turning state quantity Jrf2 (Grf2) and the actual turning state
quantity Jra, (Gya, Gyr) to be obtained when the vehicle turns
in the second direction and the control means B60 starts
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applying the brake torque to the wheel WH** via the braking
means B10 on the basis of the obtained brake torque target
value Pwt** in the case where the vehicle turns in the second
direction. In other words, the control means B60 starts apply-
ing the brake torque to the wheel WH** via the braking means
B10 when (a degree of) the actual turning state quantity Jra
(Gya, Gyr) exceeds the second reference turning state quan-
tity Jrg2 (Grf2). More specifically, the control means B60
calculates the deviation (the difference) AJr between the
actual turning state quantity Jra and the second reference
turning state quantity Jrf2 (e.g. the deviation (the difference)
AGy between the actual turning state quantity Gya, Gyr and
the second reference turning state quantity Grf2), so that the
control means B60 determines the target value Pwt** of the
brake torque to be applied to the wheel WH** on the basis of
the deviations Alr (e.g. AGy). Accordingly, because the ref-
erence turning state quantity (i.e. the second reference turning
state quantity Jrfl (Grfl)) to be generated when the turning
operation (which corresponds to a second steering operation)
is performed is determined beforehand while a transitional
steering operation, which may deteriorate the vehicle stabil-
ity, is being performed, the vehicle stability may be surely
ensured.

The device further includes a specific indicator obtaining
means B100 for obtaining a specific indicator Spc of the
vehicle relating to at least one of a yawing motion and a
rolling motion of the vehicle. The specific indicator Spc
includes information relating to at least one of a weight Wvh
of'the vehicle, a position of a center of gravity of the vehicle
(i.e. a distance Lcg between the center of gravity and a front
wheel axle, a height Heg of the center of gravity) and an
inertia moment (i,e, a yaw inertia moment Iz, a roll inertia
moment Ix). The determining means B40 determines the
reference turning state quantity Jrf (e.g. Grf), Jrf# (e.g. Gri#)
on the basis of the specific indicator Spc. More specifically,
the determining means B40 adjusts and determines the refer-
ence turning state quantity Jrf (Grf), Jrf# (Grf#) in a manner
where, in a case where the specific indicator Spc is great, the
reference turning state quantity Jrf (Grf), Jrf# (Grf#) is deter-
mined to be a relatively small value, or in a case where the
specific indicator Spc is small, the reference turning state
quantity Jrf (Grf), Jef# (Grf#) is determined to be a relatively
great value. The “specific indicator Spa being great (small)”
means that a value of at least one of the weight Wvh of the
vehicle, the distance Lcg from the front wheel axle to the
center of gravity, the height Heg of the center of gravity, the
yaw inertia moment Iz and the roll inertia moment Ix is
relatively great (small).

Accordingly, because the reference turning state quantity
Jrf (Grf), Jef# (Grt#) is determined on the basis of the specific
indicator Spc, which indicates a specification of the vehicle,
the control is surely executed to the vehicle, whose stability is
likely to be deteriorated, so that the stability of the vehicle is
ensured. On the other hand, an unnecessary intervention of
the control may be avoided for the vehicle, whose stability is
likely to be maintained. In other words, the vehicle stabilizing
control may be adjusted so as to be suitable to any vehicle
(any vehicle having different specification).

A steering operation to be performed in order to abruptly
and emergently avoid an obstacle on a traveling route will be
described below with reference to FIGS. 2 and 3. Illustrated in
FIG. 2 is a case where a J-turn steering operation, in which a
steering wheel SW is abruptly operated in the first direction
(e.g. in a left-steering direction), is performed. In this case,
the steering operation is started by the driver at time p0, and
the steering angle Sa (a steering wheel angle Osw or a steered
wheel steering angle dfa) is increased from zero (0: which
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corresponds to a neutral position of the steering wheel and by
which the vehicle is steered to move straight) until time p2.
Then, the steering angle Sa is maintained at a constant value.
The steering angular velocity dSa (a time derivative of the
steering angle) in this case starts rising (increasing) from zero
(0) at time p0, reaches a maximum value at time pl and
returns to zero (0) at time p2. The steering operation direction
includes a right-steering direction and the left steering direc-
tion. Furthermore, the turning direction of the vehicle
includes a right-turning direction and a left-turning direction.
Generally, the steering operation direction and the turning
direction of the vehicle are indicated with positive and nega-
tive signs. For example, the left-steering direction and the
left-turning direction are indicated with the positive sign. On
the other hand, the right-steering direction and the right-
turning direction are indicated with the negative sign. How-
ever, when explaining the magnitude relation of values or
when explaining the increase and decrease of the value in
view of the steering directions and the turning direction,
which are indicated by the plus and minus signs, the expla-
nation may become too complicated. Therefore, values will
be described (explained) on the basis of the magnitude rela-
tion of the absolute values or the increase and the decrease of
the absolute value unless otherwise specified. Additionally,
the predetermined value is set as a positive value with the plus
sign (+).

Tlustrated in FIG. 3 is a lane-change steering operation
which involves the transitional steering operation, in which
the steering wheel operation is sequentially performed in the
second direction (e.g. in the right-steering direction) after the
steering wheel operation is abruptly performed in the first
direction (e.g. in the left-steering direction). The first direc-
tion (the one direction) is one of a left direction and a right
direction, and the second direction (the other direction) is the
other one of the left direction and the right direction. In the
case illustrated in FIG. 3, the steering operation in the first
direction (i.e. in one steering direction) is started by the driver
at time q0. Accordingly, the steering angle Sa is increased
from zero (0: which corresponds to the neutral position of the
steering wheel and which corresponds to the straight move-
ment of the vehicle) in the first steering direction up to time
ql. Then, after time ql, the steering angle Sa is returned
towards zero (0). Furthermore, the steering operation is
sequentially performed in the other direction (i.e. the other
steering direction, the second direction) at time q2. Accord-
ingly, the steering angle Sa increases in the second direction
from zero (0) through time q2 to q3. After time g3, the steer-
ing angle Sa is returned towards zero (0) and the steering
angle Sa becomes zero (0) again at time q4. The steering
operation to be performed firstly in the first direction is
referred to as a “first steering operation”. The steering opera-
tion to be sequentially performed in the second direction after
the “first steering operation” is referred to as a “second steer-
ing operation”. A steering operation in which the first steering
operation and the second steering operation are sequentially
performed is referred to as the “transitional steering opera-
tion”. Additionally, an operation in which the steering angle
Sais distant away from zero (0: the steering neutral position),
in other words, the operation in which the degree (an absolute
value) of the steering angel Sa increases, is referred to as a
“steering increasing” state. On the other hand, an operation in
which the steering angle Sa approximates towards zero (0: the
steering neutral position), in other words, the operation in
which the degree (the absolute value) of the steering angle Sa
decreases, is referred to as a “‘steering returning” state. Gen-
erally, the vehicle stability may be deteriorated in a case
where the steering angular velocity dSa is great while the
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“steering returning” operation is performed in the first steer-
ing operation or while the “steering increasing” operation is
performed in the second steering operation. Additionally, a
subscript “#” indicates the turning direction. More specifi-
cally, “one (1)” indicates that the turning direction corre-
sponds to one direction (i.e. the first direction which corre-
sponds to the first steering operation) and “two (2)” indicates
that the turning direction corresponds to the other direction
(i.e. the second direction which corresponds to the second
steering operation) which is opposite to the one direction (the
first direction).

Iustrated in FIG. 4 is an entire configuration of the vehicle
including the motion control device for the vehicle (which
will be hereinafter referred to as the device) according to the
embodiment. Additionally, symbols “**” are used to compre-
hensively indicate wheels, specifically, ‘" indicates a front-
left wheel, ‘fr’ indicate a front-right wheel, ‘rl” indicates a
rear-left wheel, and ‘rr’ indicates a rear-right wheel.

The device includes a wheel speed sensor WS** for detect-
ing a wheel speed Vw** of the wheel WH**, a steering wheel
angle sensor SA for detecting a rotational angle 6sw of the
steering wheel SW (from a neutral position zero (0) by which
the vehicle is steered to travel straight), a front-wheel steering
angle sensor SB for detecting the steering angle 6fa of the
steered wheels (the front wheels), a steering torque sensor ST
for detecting a torque Tsw generated when the driver operates
the steering wheel SW, a yaw rate sensor YR for detecting an
actual yaw rate Yra acting on the vehicle, a longitudinal
acceleration sensor GX for detecting an acceleration (a decel-
eration) generated in a front-rear direction (a longitudinal
direction) of a vehicle body (i.e. a longitudinal acceleration
(Gxa), a lateral acceleration sensor GY for detecting a lateral
acceleration Gya generated in a lateral direction of the vehicle
body, a wheel cylinder pressure sensor PW** for detecting a
brake hydraulic pressure Pw** within a wheel cylinder
WC**_an engine rotational speed sensor NE for detecting a
rotational speed Ne of an engine EG, an acceleration opera-
tion sensor AS for detecting an operation quantity As of an
acceleration operating member AP (an acceleration pedal), a
brake operation sensor BS for detecting an operation quantity
Bs of a brake operating member (a brake pedal) BP, a shift
position sensor HS for detecting a shift position Hs of a shift
operating member SF, and a throttle position sensor TS for
detecting an opening degree Ts of a throttle valve of the
engine EG.

The device further includes a brake actuator BRK for con-
trolling the brake hydraulic pressure, a throttle actuator TH
for controlling the throttle valve, a fuel injection actuator FI
for controlling an injection of a fuel, and an automatic trans-
mission apparatus AT for controlling a gear change.

Furthermore, the device includes an electronic control unit
ECU. The electronic control unit ECU is a microcomputer
that includes plural and independent electronic control units
ECU (ECUb, ECUs, ECUe and ECUa), which are connected
to one another via a communication bus CB. The electronic
control unit ECU is electrically connected to the above-men-
tioned each actuator (the brake actuator BRK and the like)
and the above-mentioned each sensor (the wheel speed sensor
WS** and the like). Each electronic control unit (ECUb and
the like) configured within the electronic control unit ECU
executes a specific and dedicated control program. A signal (a
sensor value) outputted from each sensor and a signal (an
internal calculation value), which is obtained by each elec-
tronic control unit (ECUb and the like), are commonly used
by each of the electronic control units (ECUb, ECUs, ECUe
and ECUa) via the communication bus CB.
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More specifically, the brake electronic control unit ECUb
is configured so as to execute a slip restricting control (i.e. a
braking force and driving force control) such as an anti-skid
control (ABS control), a traction control (TCS control) and
the like on the basis of the signals outputted from the wheel
speed sensor WS**_ the yaw rate sensor YR, the lateral accel-
eration sensor GY and the like. Furthermore, the brake elec-
tronic control unit ECUb is configured so as to calculate a
vehicle speed Vx on the basis of the wheel speed Vw** of
each wheel WH** detected by the corresponding wheel speed
sensor WS** by using a know method. The steering elec-
tronic control unit ECUs is configured so as to execute a
known electric power steering control on the basis of the
signal outputted from the steering torque sensor ST and the
like. The engine electronic control unit ECUe is configured so
as to control the throttle actuator TH and the fuel injection
actuator FI on the basis of the signal outputted from the
acceleration operation sensor AS and the like. The transmis-
sion electronic control unit ECUa is configured so as to con-
trol a gear ratio of the automatic transmission apparatus AT.

The brake actuator BRK has a known configuration in
which plural electromagnetic valves (hydraulic pressure
adjusting valves), a hydraulic pump, an electric motor and the
like are included. The brake actuator BRK supplies the brake
hydraulic pressure corresponding to an operation of the brake
operating member BP by the driver to a wheel cylinder WC**
of each wheel WH** in a case where a brake control is not
executed in order to apply a brake torque to each wheel WH**
in response to the operation of the brake operating member
BP (the brake pedal). Further, the brake actuator BRK is
configured to individually control the brake hydraulic pres-
sure within the wheel cylinder WC** of each wheel WH**
independently of the operation of the brake pedal BP in order
to individually and separately adjust the brake torque to be
applied to each wheel WH** in a case where the brake con-
trol, such as the anti-skid control (the ABS control), the trac-
tion control (the TCS control) or the vehicle stabilizing con-
trol (an electronic stability control, an ESC control) for
restricting an understeering and an oversteering of the vehicle
and the like, is executed.

Each wheel WH** includes the know wheel cylinder
WC** a known brake caliper BC**, a known brake pad
PD** and a known brake rotor RT**, which serve as the
braking means. When the brake hydraulic pressure is applied
to the wheel cylinder WC** provided at the brake caliper
BC**/ the brake pad PD** is pressed against the brake rotor
RT** while generating a friction force therebetween, thereby
applying the brake torque to the wheel WH**. In this embodi-
ment, the brake torque is controlled by the brake hydraulic
pressure. Alternatively, the control of the brake hydraulic
pressure may be achieved by using an electric brake appara-
tus.

Tlustrated in FIG. 5 is a functional block diagram of a
processing example of a motion control for the vehicle (i.e.
the vehicle stabilizing control) according to the embodiment.
Additionally, functional blocks having the identical reference
numerals as means in FIG. 1 have similar functions as func-
tions of the corresponding means.

In an actual turning state quantity obtaining block B50, the
actual turning state quantity Jra acting on the vehicle is
obtained on the basis of a sensor value(s) and/or an internal
calculation value(s) of other electronic control unit(s), which
are obtained via the communication bus CB. For example, the
lateral acceleration is used as the turning state quantity. More
specifically, the actual lateral acceleration Gya of the vehicle
is obtained as the actual turning state quantity Jra. Alterna-
tively, the actual yaw rate Yra of the vehicle may be obtained,
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so that the actual lateral acceleration Gyr is calculated on the
basis of the vehicle speed Vx, which is obtained by a vehicle
speed obtaining means, and the actual yaw rate Yra (i.e.
Gry=Yra*Vx, where VX indicates the vehicle speed) as the
actual turning state quantity Jra.

In a steering angle obtaining block B70, the steering angle
Sa is obtained on the basis of the sensor signal(s) and/or the
internal calculation value(s) of other electronic control unit
(s), which are obtained via the communication bus CB. The
steering angle Sa is determined on the basis of at least one of
the steering wheel angle Osw and the steering angle dfa of the
steered wheels (the front wheels). In a steering angular veloc-
ity calculating block B20, the steering angle Sa is differenti-
ated by time in order to obtain the steering angular velocity
dSa. The steering angular velocity dSa is determined on the
basis of at least one of the steering wheel angular velocity
dBsw and the steered wheel steering angular velocity ddfa.
Alternatively, the steering angular velocity dSa may be
directly obtained from the sensor(s) and other electronic con-
trol unit(s) via the communication bus CB.

In a maximum steering angular velocity calculating block
B30, values of the steering angular velocities dSa are con-
tinuously stored therewithin, so that the maximum steering
angular velocity dSp is calculated on the basis of chronologi-
cally-ordered values of the stored steering angular velocities
dSa. More specifically, the maximum steering angular veloc-
ity dSp[n-1] (the maximum value of the stored steering angu-
lar velocities dSa) obtained up to the previous calculation
process is stored within the maximum steering angular veloc-
ity calculating block B30, so that the maximum value dSp[n-
1] is compared with the steering angular velocity dSa[n]
obtained in the current calculation process. Then, either the
steering angular velocity dSp stored within the maximum
steering angular velocity calculating block B30 or the pres-
ently obtained steering angular velocity dSa having a greater
value is obtained as the maximum steering angular velocity
dSp[n] and is stored as a new maximum steering angular
velocity dSp[n]. The maximum steering angular velocity dSp
is set to zero (0) after the predetermined time tk1 has passed.
A subscript [n—-1] indicates a previous calculation cycle. On
the other hand, a subscript [n] indicates a present calculation
cycle.

In a steering direction obtaining block B90, the turning
direction Dtrn of the vehicle is obtained on the basis of the
sensor signal(s) and/or the internal calculation value(s) of
other electronic control unit(s), which are obtained via the
communication bus CB. Either the straight-moving direction,
the left-turning direction or the right-turning direction is
determined as the turning direction Dtrn. More specifically, in
the steering direction obtaining block B90, the turning direc-
tion Dtm may be determined on the basis of the actual turning
state quantity Jra (the actual lateral acceleration Gya or the
actual yaw rate Yra). In particular, the turning direction Dtrn
may be determined on the basis of the sign of the actual
turning state quantity Jra. Alternatively, the turning direction
Dtrn may be calculated on the basis of the steering angle Sa,
instead of the actual turning state quantity Jra.

In an estimated turning state quantity calculating block
B80, the estimated turning state quantity Jsa is calculated on
the basis of the steering angle Sa. For example, the estimated
lateral acceleration Gsa as the estimated turning state quantity
Jsa is calculated on the basis of the vehicle speed VX, which is
obtained by the vehicle speed obtaining means, and the steer-
ing angle Sa (i.e. Gsa=(Vx>*Sa)/{L*(1+Kh*Vx*)}, where L
indicates a wheelbase of the vehicle and Kh indicates a sta-
bility factor).



US 9,056,600 B2

9

In a (vehicle) specific indicator obtaining block B100, the
vehicle specific indicator Spc relating to at least one of the
yawing motion and the rolling motion of the vehicle is
obtained on the basis of the sensor signal(s) and/or the inter-
nal calculation value(s) of other electronic control unit(s),
which are obtained via the communication bus CB. The “(ve-
hicle) specific indicator Spc” is a value, which is calculated on
the basis of information relating to at least one of the weight
Wvh of'the vehicle, the position of the center of gravity of the
vehicle (i.e. the distance [.cg from the center of gravity to the
front wheel axle, the height Heg of the center of gravity) and
the inertia moment (i.e. the yaw inertia moment Iz, the roll
inertia moment Ix). The above-mentioned information (e.g.
the weight Wvh of the vehicle and the like) may be obtained
by using a known method. For example, a vertical ground
load sensor may be provided at each wheel WH**/ so that the
vehicle weight Wvh and the position of gravity Lcg are
obtained on the basis of a signal outputted from each vertical
ground sensor. Alternatively, a transfer function of the vehicle
may be identified by using the signal outputted from the yaw
rate sensor YR, aroll rate sensor or the like, which is provided
atthe vehicle, thereby obtaining the inertia moments Iz and Ix
and the height Heg of the center of gravity.

The maximum steering angular velocity dSp, the turning
direction Dtrn and the specific indicator Spc are inputted into
a reference turning state quantity calculating block B40. In
the reference turning state quantity calculating block B40, the
reference turning state quantity Jrf is calculated on the basis
of the maximum steering angular velocity dSp. For example,
the lateral acceleration may be used as the turning state quan-
tity. More specifically, the reference lateral acceleration Grfis
calculated on the basis of the maximum steering angular
velocity dSp as the reference turning state quantity Jrf. In
particular, the reference turning state quantity Grf (i,e, the
reference turning state quantity Jrf) is calculated by using a
preliminarily set calculation map. The calculation map speci-
fies a characteristic of the reference turning state quantity Grf
(i.e. the reference turning state quantity Jrf) so that the refer-
ence turning state quantity Grf (Jrf) is set to a predetermined
value grl in a case where the maximum steering angular
velocity dSp is smaller than the predetermined value dsl, so
that the reference turning state quantity Grf (Jrf) decreases in
response to an increase of the maximum steering angular
velocity dSp in a case where the maximum steering angular
velocity dSp is equal to or greater than the predetermined
value ds1 but smaller than a predetermined value ds2 (>ds1),
and so that the reference turning state quantity Grf (Jrf) is set
to a predetermined value gr2 (<grl) in a case where the
maximum steering angular velocity dSp is equal to or greater
than the predetermined value ds2. Accordingly, because the
reference turning state quantity Grf (Jrf) is calculated on the
basis of the maximum steering angular velocity dSp (i.e. the
peak value of the steering angular velocity dSa), the temporal
difference between the timing when the steering angular
velocity dSa is generated and the timing when the actual
turning state quantity Jra is generated may be compensated.

The first reference turning state quantity Jrfl (e.g. Grfl) to
be obtained when the vehicle turns in the first direction is
calculated on the basis of the maximum steering angular
velocity dSp in the reference turning state quantity calculat-
ing block B40. The same calculation map as the calculation
map relating to the reference turning state quantity Jrf (Grf) is
used for the calculation of the first reference turning state
quantity Jrfl (Grfl). Simultaneously, the second reference
turning state quantity Jrf2 (e.g. Grf2) to be obtained when the
vehicle turns in the second direction opposite to the first
direction is calculated on the basis of the reference turning
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state quantity Jrfl (Grfl). More specifically, the second ref-
erence turning state quantity Jrf2 (Grf2) to be obtained when
the vehicle turns in the second direction is calculated as value
whose degree (an absolute value) is equal to the first reference
turning state quantity Jrfl (Grfl) to be obtained when the
vehicle turns in the first direction and whose sign is opposite
to the sign of the first reference turning state quantity Jrfl
(Grfl).

Inacase where the maximum steering angular velocity dSp
generated while the vehicle turns in the second direction
becomes greater than the maximum steering angular velocity
dSp generated while the vehicle turns in the first direction, the
maximum steering angular velocity dSp is updated. The sec-
ond reference turning state quantity Jrf2 (Grf2) is calculated
on the basis of the updated maximum steering angular veloc-
ity dSp,

In the case where the transitional steering operation (i.e.
the consecutive steering operation from the first direction to
the second direction) is performed, the stability of the vehicle
may be deteriorated when the vehicle turns in the second
direction. Therefore, in this embodiment, the second refer-
ence turning state quantity Jrf2 (Grf2) to be obtained when the
vehicle turns in the second direction is preliminarily calcu-
lated on the basis of the first reference turning state quantity
Jrfl (Grfl) obtained when the vehicle turns in the first direc-
tion, at the timing when the vehicle turns in the first direction.

The characteristic (the calculation map) of the reference
turning state quantity calculating block B40 for calculating
the reference turning state quantity Jrf (Grf), Jef# (Grf#) may
be adjusted on the basis of the (vehicle) specific indicator Spc.
The calculation map based on the vehicle specific indicator
Spc will be described below with reference to FIG. 6.

As illustrated in FIG. 6, in a case where the vehicle specific
indicator Spc is great, the reference turning state quantity Jrf
(Grd), Jrf# (Grt#) is adjusted to be a relatively small value. On
the other hand, in a case where the vehicle specific indicator
Spc is small, the reference turning state quantity Jrf (Grf), Jrt#
(Grf#) is adjusted to be a relatively great value. The “specific
indicator Spc being great” means thata value of at least one of
the vehicle weight Wvh, the distance Lcg between the front
wheel axle and the center of gravity, the height Heg of the
center of gravity, the yaw inertia moment Iz and the roll
inertia moment Iz is relatively great. On the other hand, the
“specific indicator Spc being small” means that a value of at
least one of the vehicle weight Wvh, the distance Leg between
the front wheel axle and the center of gravity, the height Heg
of'the center of gravity, the yaw inertia moment [z and the roll
inertia moment Iz is relatively small.

More specifically, in the case where the vehicle specific
indicator Spc is great, the calculation map illustrated in FIG.
6 specifies the characteristic of the reference turning state
quantity Jrf (Grf), Jrf# (Grf#) relative to the calculation map
of the reference turning state quantity calculating block B40
illustrated in 5 in a manner where the reference turning state
quantity Jrf (Grf), Jrf# (Grf#) is set to a predetermined value
gr3 (<grl) in a case where the maximum steering angular
velocity dSp is smaller than a predetermined value ds3
(<dsl), so that the reference tuning state quantity Jrf (Grf),
Jrf# (Grf#) decreases in response to the increase of the maxi-
mum steering angular velocity dSp in a case where the maxi-
mum steering angular velocity dSp is equal to or greater than
the predetermined value ds3 but smaller than a predetermined
value ds4 (>ds3) (<ds2), and so that the reference turning
state quantity Jrf (Grf), Jrt# (Grf#) is set to a predetermined
value gr4 (<gr3) (<gr2) in a case where the maximum steering
angular velocity dSp is equal to or greater than the predeter-
mined value ds4. On the other hand, in the case where the
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vehicle specific indicator Spc is small, the calculation map is
set so as to specify the characteristics of the reference turning
state quantity Jrf (Grf), Jrf# (Grf#) so that the reference turn-
ing state quantity Jrf (Grf), Jrf# (Grf#) is set to a predeter-
mined value gr5 (>grl) in a case where the maximum steering
angular velocity dSp is smaller than a predetermined value
ds5 (>dsl), so that the reference turning state quantity Jrf
(Grd), Jrt# (Grit#) is decreased in response to the increase of
the maximum steering angular velocity dSp in a case where
the maximum steering angular velocity dSp is equal to or
greater than the predetermined value ds5 but smaller than a
predetermined value ds6 (>ds5) (>ds2), and so that the refer-
ence turning state quantity Jrf (Grf), Jrf# (Grf#) is set to a
predetermined value gr6 (<gr5) (>gr2) in a case where the
maximum steering angular velocity dSp is equal to or greater
than the predetermined value dsé6.

The stability of the vehicle, whose vehicle specific indica-
tor Spc is great, is likely to be deteriorated. Hence, in the case
where the vehicle specific indicator Spc is great, the reference
turning state quantity Jrf (Grf), Jrf# (Grt#) is adjusted to be a
relatively small value on the basis of the calculation map
illustrated in FIG. 6. Accordingly, because the vehicle stabi-
lizing control is started while the actual turning state quantity
is maintained at a low level, the vehicle stability is surely
ensured. On the other hand, the stability of the vehicle, whose
vehicle specific indicator Spc is small, is likely to be ensured.
Therefore, in the case where the vehicle specific indicator Spc
is small, the reference turning state quantity Jrf (Grf), Jrf#
(Grt#) is adjusted to be a relatively great value on the basis of
the calculation map illustrated in FIG. 6. Accordingly,
because the vehicle stability control is started while the actual
turning state quantity is maintained at a high level, an unnec-
essary intervention of the control may be avoided.

The reference turning state quantity Jrf (Grf), Jrt# (Grt#),
the actual turning state quantity Jra (e.g. Gya, Gyr) and the
estimated turning state quantity Jsa (Gsa) are inputted into a
vehicle stabilizing control calculating block B60. In the
vehicle stabilizing control calculating block B60, the target
value Pwt** of the brake torque to be applied to the wheel
WH** in order to maintain the stability of the vehicle is
calculated on the basis of the reference turning state quantity
Jrf (Grf), Jrt# (Grf#), the actual turning state quantity Jra (e.g.
Gya, Gyr) and the estimated turning state quantity Jsa (Gsa).

The deviation Alr between the actual turning state quantity
Jra and the reference turning state quantity Jrf (Jrt#) (e.g. the
deviation AGy between the actual turning state quantity Gya,
Gyr and the reference turning state quantity Grf (Grf#)) is
calculated in the vehicle stabilizing control calculating block
B60. Then, the brake torque target value Pwt** is calculated
on the basis of the actual turning state quantity deviations AJr
(=lra=Irt) (e.g. AGy (=Gya-Grf)) by using a preliminarily set
calculation map. The calculation map is set so as to specify a
characteristic of the brake torque target value Pwt** so that
the target value Pwt** is increased from zero (0) in response
to anincrease of the actual turning state quantity deviation AJr
(AGy) from zero (0). The supply of the brake torque to the
wheel WH** is started when the actual turning state quantity
Jra (e.g. Gya, Gyr) exceeds the reference turning state quan-
tity Jrf (Grf), Jrf# (Grf#). Additionally, the brake torque target
value Pwt** is determined on the basis of deviation AJr
between the actual turning state quantity Jra and the reference
turning state quantity Jrf (Jrf#), the deviation AGy between
the actual turning state quantity Gya, Gyr and the reference
turning state quantity Grf (Grf#).

Furthermore, a deviation (a difference) AlJrs (AGys)
between the estimated turning state quantity Jsa (Gsa) and the
reference turning state quantity Jrf (Grf), Jrf# (Grt#) is cal-
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culated in the vehicle stabilizing control calculating block
B60. The brake torque target value Pwt** to be applied to the
wheel WH** is calculated on the basis of the estimated turn-
ing state quantity deviation Alrs (AGys) by using a calcula-
tion map similar to the calculation map mentioned above.
More specifically, the calculation map is set so as to specify a
characteristic of the target value Pwt** so that the target value
Pwt** increases from zero (0) in response to an increase of
the estimated turning state quantity deviation Alrs (e.g.
AGys) from zero (0). In this case, the supply of the brake
torque to the wheel WH** is started when the estimated
turning state quantity Jsa (e.g. Gsa) exceeds the reference
turning state quantity Jrf (Grf), Jrf# (Grf#). Also, the target
value Pwt** of the brake torque to be applied to the wheel
WH** may be determined on the basis of the actual turning
state quantity deviation AJr (AGy). Accordingly, because the
start of the vehicle stabilizing control and/or the calculation of
the brake torque target value Pwt** is executed on the basis of
plural turning state quantity deviations Alr (AGy) and Alrs
(AGys), the reliability in the execution of the vehicle stabi-
lizing control may be enhanced.

In a brake torque adjusting means B10 (which corresponds
to the braking means), a driving means of the brake actuator
BRK (e.g. an electric motor for a hydraulic pressure pump, a
driving means of a solenoid valve and the like) is controlled
on the basis of the brake torque target value Pwt**. In this
embodiment, a sensor (e.g. the pressure sensor PW**) for
detecting an actual value Pwa** of the brake torque in
response to the target value Pwt** is provided at the wheel
WH** in order to control the driving means so that the actual
value Pwa™* corresponds to the target value Pwt** on the
basis of the target value Pwt** and the actual value Pwa™**.

Advantages and merits according to the embodiment will
be described below with reference to FIGS. 7 and 8. More
specifically, the advantages and merits according to the
embodiment in the case where the lateral acceleration is used
as the turning state quantity will be described below as a
representative example with reference to FIGS. 7 and 8.

According to the device that controls the stability of the
vehicle based on plural turning state quantities, the phase shift
(i.e. the temporal difference) between plural turning state
quantities needs to be compensated for the vehicle at which a
relatively large inertia moment is likely to be generated (e.g.
the large-sized commercial vehicle). Therefore, in this
embodiment, the reference turning state quantity (the refer-
ence turning state quantity Jrf and the like), which is used as
a reference for the vehicle stabilizing control, may be calcu-
lated on the basis of the maximum value dSp of the steering
angular velocity. Accordingly, because the vehicle stability
control is executed in view of the maximum steering angular
velocity dSp, the above-described phase shift may be com-
pensated.

Additionally, the steering operation direction includes the
right-steering direction and the left-steering direction. The
turning direction of the vehicle includes the right-turning
direction and the left-turning direction. Generally, the steer-
ing operation direction and the turning direction ofthe vehicle
are indicated with positive and negative signs (e.g. (+) and
(=)). For example, the left-steering direction and the left-
turning direction are indicated with the positive sign. On the
other hand, the right-steering direction and the right-turning
direction are indicated with the negative sign. However, when
explaining the magnitude relation of values or when explain-
ing the increase and decrease of the value in view of the
steering directions and the turning direction, which are indi-
cated by the plus and minus signs, the explanation may
become too complicated. Therefore, values will be described
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(explained) on the basis of the magnitude relation of the
absolute values or the increase and the decrease of the abso-
lute value unless otherwise specified. Additionally, the pre-
determined value is set as the positive value with the plus sign
(+). Furthermore, the symbols “**’ are used to comprehen-
sively indicate wheels, specifically, ‘1’ indicates the front-left
wheel, ‘fr’ indicate the front-right wheel, ‘rl’ indicates the
rear-left wheel, and ‘rr’ indicates the rear-right wheel. Fur-
thermore, the symbol “#” indicates the corresponding turning
direction. For example, “1” indicates that the turning direc-
tion corresponds to the first direction and “2” indicates that
the turning direction corresponds to the second direction.

Advantages and merits to be obtained when the J-turn
steering operation is performed will be described below with
reference to FIG. 7. In this case, the abrupt steering operation
in the first direction (i.e. the left direction) is started at time t0
and the steering angle Sa rapidly increases. The steering
angular velocity dSa is obtained by the steering angular
velocity obtaining means B20, so that the maximum steering
angular velocity dSp is calculated on the basis of the steering
angular velocity dSa. For example, data relating to the steer-
ing angular velocity dSa are stored within the determining
means B40 in the chronological order, so that the maximum
value within the data is calculated as the maximum steering
angular velocity dSp. More specifically, the maximum steer-
ing angular velocity dSp obtained up to the previous calcula-
tion cycle is stored within the determining means B40 and the
steering angular velocity dSa obtained in the current calcula-
tion cycle is compared with the stored maximum steering
angular velocity dSp. Then, either the stored maximum steer-
ing angular velocity dSp or the steering angle velocity dSa
having a greater value is calculated as the maximum steering
angular velocity dSp and is newly stored as the maximum
steering angular velocity dSp.

Then, the reference lateral acceleration Grf (which is indi-
cated by a broken line in FIG. 7) is calculated on the basis of
the maximum steering angular velocity dSp. More specifi-
cally, the reference lateral acceleration Grf is calculated so
that, in the case where the maximum steering angular velocity
dSp is relatively small, the reference lateral acceleration Grf
is calculated to a great value, or, in a case where the maximum
steering angular velocity dSp is relatively great, the reference
lateral acceleration Grfis calculated to a small value.

The supply of the brake torque to the wheel WH** is
started when (a degree of) the actual lateral acceleration Gya
exceeds (a degree of) the reference lateral acceleration Grf
(time t2). A supply amount of the brake torque (i.e. the brake
torque target value Pwt**) is calculated on the basis of the
deviation AGy between (the degree of) the actual lateral
acceleration Gya and (the degree of) the reference lateral
acceleration Grf (i.e. AGy=Gya-Grf).

Generally, the temporal difference occurs between the tim-
ing when the actual lateral acceleration Gya reaches the maxi-
mum value (e.g. the actual lateral acceleration Gya reaches
the maximum value (becomes saturated) at time t3) and the
timing when the steering angular velocity dSa reaches the
maximum value (the peak value) (attime t1) in the case where
the abrupt steering operation is performed. Accordingly, in
this embodiment, the reference lateral acceleration Grf is
calculated on the basis of the maximum steering angular
velocity dSp, so that the temporal difference may be compen-
sated.

Advantages and merits to be obtained in the case where the
lane-change steering operation (i.e. the transitional steering
operation) is performed will be described below with refer-
ence to FIG. 8. In this case, the steering wheel SW is abruptly
steered in the left direction (i.e. the first direction) at time u0
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and then, the steering wheel SW is sequentially steered in the
right direction (i.e. the second direction) at time u3.

Inthis case, the steering angular velocity dSais obtained by
the steering angular velocity obtaining means B20, so that the
maximum steering angular velocity dSp obtained in the case
where the vehicle turns in the first direction (i.e. the left
direction) is calculated on the basis of the steering angular
velocity dSa in the same manner as mentioned above. Then,
the first reference lateral acceleration Grfl (which is indi-
cated by a broken line in FIG. 8) in the first turning direction
(i.e. the left direction) is calculated on the basis of the maxi-
mum steering angular velocity dSp. Simultaneously, the sec-
ond reference lateral acceleration Grf2 (=-Grfl1) (which is
indicated by a dash-and-dot line in FIG. 8) in the second
turning direction (i.e. the right direction) is calculated on the
basis of the maximum steering angular velocity dSp in the
first turning direction (i.e. the left direction). In the case where
the maximum steering velocity dSp in the second turning
direction becomes greater than the maximum steering angu-
lar velocity dSp in the first direction, the maximum steering
angular velocity dSp is updated. In this case, the second
reference lateral acceleration Grf2 is calculated on the basis
of the updated maximum steering angular velocity dSp.

The supply of the brake torque to the wheel WH** is
started when (the degree of) the actual lateral acceleration
Gya exceeds (a degree of) the first reference lateral accelera-
tion Grfl (at time u2) and when the actual lateral acceleration
Gya exceeds (a degree of) the second reference lateral accel-
erations Grf2 (at time u5). The supply amount Pwt** of the
brake torque (i.e. the brake torque target value Pwr) is calcu-
lated on the basis of the deviation AGy between (the degree
of) the actual lateral acceleration Gya and (the degree of) the
first and second reference lateral acceleration Grfl and Grf2
(i.e. AGy=Gya-Grf).

In the case where the vehicle is abruptly steered in one
direction (the first direction) then, sequentially in the other
direction (the second direction), the stability of the vehicle is
likely to be deteriorated while the vehicle turns in the second
direction. Therefore, in this embodiment, the reference turn-
ing state quantity in the second direction (i.e. the second
reference turning state quantity) is preliminarily set while the
vehicle turns in the first direction. As a result, the vehicle
stability may be surely ensured.

According to the embodiment, the determining means B40
determines the reference turning state quantity Jrf (e.g. Grf),
Jrf# (e.g. Grf#) in the manner where the greater the maximum
steering angular velocity dSp is, the smaller value the refer-
ence turning state quantity Jrf (Grf), Jef# (Grf#) is determined
to be, alternatively, the smaller the maximum steering angular
velocity dSp is, the greater value the reference turning state
quantity Jrf (Grf), Jrf# (Grf#) is determined to be.

According to the embodiment, the maximum steering
angular velocity calculating means B30 sets the maximum
steering angular velocity dSp to zero (0) after the predeter-
mined time tk1 has passed.

According to the embodiment, the control means B60 con-
trols the braking means B10 when the actual turning state
quantity Jra (e.g. Gya, Gyr) exceeds the reference turning
state quantity Jrf (Grf), Jrf# (Grf#) in order to start applying
the brake torque to the wheel HW**.

According to the embodiment, the control means B60 cal-
culates a deviation Alr (e.g. AGy) between the actual turning
state quantity Jra (Gya, Gyr) and the reference turning state
quantity Jrf (Grf), Jrf# (Grf#) and determines the target value
Pwt** of the brake torque on the basis of the deviation AJr
(AGy).
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According to the embodiment, the device further includes
the steering angle obtaining means B70 for obtaining the
steering angle Sa of the vehicle and the estimated turning state
quantity calculating means B80 for calculating the estimated
turning state quantity Jsa (e.g. Gsa) on the basis of the steering
angle Sa. The control means B60 controls the braking means
B10 when the estimated turning state quantity Jsa (Gsa)
exceeds the reference turning state quantity Jrf (Grf), Jrf#
(Grf#) in order to start applying the brake torque to the wheel
WH**,

According to the embodiment, the device further includes
the turning direction obtaining means B90 for obtaining the
turning direction Drtn of the vehicle. The determining means
B40 determines the reference turning state quantity Jrfl (e.g.
Grfl) obtained in the case where the vehicle turns in the first
direction (i.e. either the right direction or the left direction)
and determines the reference turning state quantity Jrf2 (e.g.
Grf2) obtained in the case where the vehicle turns in the
second direction (i.e. the direction opposite to the first direc-
tion) on the basis of the turning state quantity Jrf (Grfl)
obtained in the case where the vehicle turns in the first direc-
tion.

According to the embodiment, the device further includes
the specific indicator obtaining means B100 for obtaining the
specific indicator Spc relating to at least one of the yawing
motion and the rolling motion of the vehicle, wherein the
determining means B40 determines the reference turning
state quantity Jrf (Grf), (Jrf# (Grf#) on the basis of the specific
indicator Spc.

According to the embodiment, the determining means B40
adjusts the reference turning state quantity Jrf (Grf), Jrf#
(Grf#) to be a relatively small value in the case where the
specific indicator Spc is great, or the determining means B40
adjusts the reference turning state quantity Jrf (Grf), Jrf#
(Grf#) to be a relatively great value in the case where the
specific indicator Spc is small.

Accordingly, because the reference turning state quantity
(Jrf and the like) is calculated on the basis of the maximum
steering angular velocity dSp (i.e. the steering angular veloc-
ity maximum value) so that the vehicle stability control is
executed on the basis of a comparison between the reference
turning state quantity and the actual turning state quantity (Jra
and the like), the phase difference between when the plural
state quantities is compensated. As a result, an accurate con-
trol may be executed.

The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
to be protected is not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

The invention claimed is:

1. A motion control device for a vehicle having a braking
means for applying a brake torque to a wheel of the vehicle
and maintaining a traveling stability of the vehicle by con-
trolling the braking means, the motion control for the vehicle,
comprising:

a steering angular velocity obtaining means for obtaining a

steering angular velocity of the vehicle;

a maximum steering angular velocity calculating means

for calculating, on the basis of the steering angular
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velocity, a maximum steering angular velocity over a
period of time corresponding to a duration of 1) a J-turn
steering operation in which a steering wheel is abruptly
operated in one direction, or 2) a lane-change steering
operation in which the steering wheel operation is
sequentially performed in the other direction after the
steering wheel operation is abruptly performed in one
direction;

a determining means for determining a reference turning
state quantity on the basis of the maximum steering
angular velocity, wherein the determining means deter-
mines the reference turning state quantity in a manner
where the greater the maximum steering angular veloc-
ity is, the smaller value the reference turning state quan-
tity is determined to be, alternatively, the smaller the
maximum steering angular velocity is, the greater value
the reference turning state quantity is determined to be;

an actual turning state quantity obtaining means for obtain-
ing an actual turning state quantity of the vehicle; and

a control means for controlling the brake torque on the
basis of the reference turning state quantity and the
actual turning state quantity, wherein the control means
controls the braking means when the actual turning state
quantity exceeds the reference turning state quantity in
order to start applying the brake torque to the wheel.

2. The motion control device for the vehicle according to
claim 1, wherein the maximum steering angular velocity cal-
culating means sets the maximum steering angular velocity to
zero (0) after a predetermined time has passed.

3. The motion control device for the vehicle according to
claim 2 further comprising a steering angle obtaining means
for obtaining a steering angle of the vehicle and an estimated
turning state quantity calculating means for calculating an
estimated turning state quantity on the basis of the steering
angle, wherein the control means controls the braking means
when the estimated turning state quantity exceeds the refer-
ence turning state quantity in order to start applying the brake
torque to the wheel.

4. The motion control device for the vehicle according to
claim 2 further comprising a turning direction obtaining
means for obtaining a turning direction of the vehicle,
wherein the determining means determines the reference
turning state quantity obtained in a case where the vehicle
turns in a first direction and determines the reference turning
state quantity obtained in a case where the vehicle turns in a
second direction on the basis of the turning state quantity
obtained in the case where the vehicle turns in the first direc-
tion.

5. The motion control device for the vehicle according to
claim 2 further comprising a specific indicator obtaining
means for obtaining a specific indicator relating to at least one
of a yawing motion and a rolling motion of the vehicle,
wherein the determining means determines the reference
turning state quantity on the basis of the specific indicator.

6. The motion control device for the vehicle according to
claim 5, wherein the determining means adjusts the reference
turning state quantity to be a relatively small value in a case
where the specific indicator is great, or the determining means
adjusts the reference turning state quantity to be a relatively
great value in a case where the specific indicator is small.

7. The motion control device for the vehicle according to
claim 1, wherein the control means calculates a deviation
between the actual turning state quantity and the reference
turning state quantity and determines a target value of the
brake torque on the basis of the deviation.

8. The motion control device for the vehicle according to
claim 7 further comprising a steering angle obtaining means
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for obtaining a steering angle of the vehicle and an estimated
turning state quantity calculating means for calculating an
estimated turning state quantity on the basis of the steering
angle, wherein the control means controls the braking means
when the estimated turning state quantity exceeds the refer-
ence turning state quantity in order to start applying the brake
torque to the wheel.

9. The motion control device for the vehicle according to
claim 1 further comprising a steering angle obtaining means
for obtaining a steering angle of the vehicle and an estimated
turning state quantity calculating means for calculating an
estimated turning state quantity on the basis of the steering
angle, wherein the control means controls the braking means
when the estimated turning state quantity exceeds the refer-
ence turning state quantity in order to start applying the brake
torque to the wheel.

10. The motion control device for the vehicle according to
claim 1 further comprising a turning direction obtaining
means for obtaining a turning direction of the wvehicle,
wherein the determining means determines the reference
turning state quantity obtained in a case where the vehicle
turns in a first direction and determines the reference turning
state quantity obtained in a case where the vehicle turns in a
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second direction on the basis of the turning state quantity
obtained in the case where the vehicle turns in the first direc-
tion.

11. The motion control device for the vehicle according to
claim 1 further comprising a specific indicator obtaining
means for obtaining a specific indicator relating to at least one
of a yawing motion and a rolling motion of the vehicle,
wherein the determining means determines the reference
turning state quantity on the basis of the specific indicator.

12. The motion control device for the vehicle according to
claim 11, wherein the determining means adjusts the refer-
ence turning state quantity to be a relatively small value in a
case where the specific indicator is great, or the determining
means adjusts the reference turning state quantity to be a
relatively great value in a case where the specific indicator is
small.

13. The motion control device for the vehicle according to
claim 1, wherein a temporal difference occurs between a
timing when the actual turning state quantity reaches its
maximum value and a timing when the steering angular
velocity reaches the maximum steering angular velocity in a
case where the steering wheel operation is abruptly per-
formed.



